The Weiss score is the reference method to distinguish between a benign and a malignant adrenocortical tumor (ACT). A program was initiated to improve the reproducibility of the pathologic diagnosis of ACTs in France through the National INCa-COMETE Network. Twelve pathologists from all Reference Centers of the Network analyzed 50 selected ACTs using a web-based virtual microscopy approach in a blind design, allowing to determine the intraobserver and interobserver reproducibilities of the Weiss system. All ACTs were read twice in random order before and after a coaching meeting organized to harmonize and improve analyses and create an online tutorial. The validity of the virtual approach was first established by comparing the 2 consensuses (virtual and microscopic) obtained for each tumor by 3 pathologists who performed the 2 approaches in a blinded manner. For the "dichotomized Weiss score" (separating malignant Z3 from benign r2 tumors) interobserver reproducibility was "substantial" at the first "virtual" reading (k = 0.70) and increased at the second "virtual" reading (k = 0.75). In parallel, 7 of the 9 items of the Weiss system showed improvement. The diagnostic accuracy of the observers as a group, using the modal group score approach, showed an improved sensitivity from 86% to 95% for the diagnosis of malignant ACTs. We show the validity of the virtual microscopy approach and that the program improved the practice of the Weiss system reading and therefore the diagnosis of ACT. This tool can now be extended for other research and/or routine purposes in this rare cancer.
A drenocortical carcinomas (ACCs) have a poor prognosis. 1 The best probability of cure is when a localized tumor can be subjected to "complete" surgery. 12 Yet, it is often a difficult task to unequivocally distinguish between adrenocortical adenomas (ACAs) and ACCs, 27 and because these malignant tumors are rare the early diagnosis of a localized ACC may be unfortunately missed by a nonexpert examiner. Various pathologic systems have been proposed for the diagnosis of ACC. 4, 6, 16, 28, [30] [31] [32] The Weiss system 19, 31, 32 is the most universally used. 19 It examines 9 different items pointing at the architectural, nuclear, and invasion characteristics of the tumor. 19, 31, 32 Like all scoring systems, the Weiss system has 2 limitations: low reproducibility of some pathologic items, 4 and a threshold between "benign" and "malignant" tumors, which is not totally accurate. 27 Few studies have conducted an in-depth analysis of the performance of the Weiss system, its comparison with other pathologic systems, or tried to optimize it. 4, 6 A program was initiated to improve the reproducibility of the pathologic diagnosis of ACTs in France through the National INCa-COMETE Network. Pathologists from all Reference Centers of the Network analyzed 50 selected ACTs using a web-based virtual microscopy approach in a blind design allowing to determine the intraobserver and interobserver reproducibilities of the Weiss system: all tumors were read twice, in random order, before and after a coaching meeting that was organized to harmonize and improve analyses.
We show here the validity of the virtual microscopy approach and that the program improved the practice of the Weiss system reading and therefore the diagnosis of ACT.
MATERIALS AND METHODS

Tumors and Slide Selection
Fifty ACTs were selected by F.T., S.A., and E.L. from the archives of the Department of Pathology, Cochin hospital, Paris, France, so that each final score of the Weiss system, from 0 to 9 (Supplementary Table 1, 14 http://links.lww.com/PAS/A121), was equally represented. All had been obtained at surgery at the same institution (Endocrine Surgical Department, Cochin hospital) between 1997 and 2007. There were 15 ACAs (Weiss r2) and 35 ACCs (Weiss Z3). All the 15 patients with ACAs (Weiss r2) are alive and without recurrence. Among the 35 patients with ACCs 2 were lost at followup (Weiss 7 and 8), 18 are free of disease (5 patients with Weiss = 3, 5 patients with Weiss = 4, 1 patient with Weiss = 5, 3 patients with Weiss = 6, and 4 patients with Weiss = 7), 4 had a recurrence (1 patient with Weiss = 5, 1 patient with Weiss = 6, and 2 patients with Weiss = 8), and 11 died from their tumor (2 patients with Weiss = 5, 1 patient with Weiss = 6, 1 patient with Weiss = 7, 4 patients with Weiss = 8, and 3 patients with Weiss = 9). Oncocytic and pediatric tumors were excluded.
For each tumor, 5 representative glass slides (a total of 250 slides) with sections stained with hematoxylineosin-saffron were selected to determine all the items of the Weiss system. All glass slides were anonymized.
Slide Imaging
Automated whole-slide image capture was performed using a ScansScope XT from Aperio (Aperio Technologies, Vista, CA). A Â 40 objective lens for a resolution of 0.25 mm/pixel and jpeg high-quality compression were used. After review of automated tissue detection, the slides were automatically digitized, and a quality control was set to ensure good focus. Each slide weighs approximately 2 GB.
The 250 slides were uploaded to a TeleSlide server from TRIBVN (TRIBVN, Chaˆtillon, France) through an SFTP protocol and used in a private workshop in which slides were grouped into 50 cases of 5 slides each.
Each reviewer had to log in through the Internet in the server with his personal password and was randomly presented one of the cases for review. For each case, the reviewer had to open the 5 slides into the dedicated CaloPix Viewer (TRIBVN), pan and zoom to make his diagnosis, and if necessary use the counting square for counting mitotic figures ( Supplementary Fig. 1 , http:// links.lww.com/PAS/A125). This square was designed to represent the same surface covered by 1 standard microscope at high-power field (Â 40), and 10 random squares had to be counted per slide for determining the mitotic figure index in the area of the greatest numbers of mitotic figures. The equipment needed for each reviewer included a high-speed internet connection (ADSL) and an upto-date personal computer with a large screen (20 inches or above).
After reading the slides, the reviewer could access a form that was based on Weiss score items (9 items with Y/N answer), and that enabled calculation of the final score. Cases were anonymized and randomized for each reviewer. The reviewer could not view a new case before registering his form for the previous case.
At any time on the TeleSlide server, the manager of the study could follow the protocol knowing exactly how many cases were scored. He also could download a txt file containing all the results of scoring and then allow statistical treatment on it.
Experimental Protocol Validating the Virtual Approach
As a first step, 3 pathologists (F.T., S.A., and E.L.) read, blinded to each other, the 50 cases on anonymized glass slides with a single microscope. A "microscope consensus" was established for each item of each case after arriving at an agreement on a few discordant cases (Fig. 1A) .
As a second step, the same 3 pathologists read, blinded to each other, the virtual slides on the computer: the "virtual consensus" was established for each item of each case (Fig. 1A) .
The overall Weiss scores and each of its 9 items obtained through either the "microscope consensus" or the "virtual consensus" for each case were compared to determine the validity of the virtual approach as a practical tool (Fig. 1A) .
Coaching Through the Virtual ApproachProtocol Design
First virtual reading: Each observer performed 75 readings blinded to each other, of the 50 different ACTs, ignoring the fact that 25 of them were actually randomly replicated. This design enabled the determination of the intraobserver reproducibility for each observer, together with the global interobserver reproducibility (Fig. 1B) .
At the same time, the diagnostic accuracy was assessed for the pathologists as a group using the "modal score," that is, the score most commonly given by the pathologists for each case, which was compared with the "virtual" consensus score.
Coaching meeting: After the first reading, a meeting was organized with all the pathologists and statisticians wherein the latter presented the results of the first reading. The reasons for discrepancies among the pathologists were analyzed in depth (Fig. 1B) .
On these grounds a "tutorial" was created with a clear definition and a visual example of each item on the basis of the agreement obtained. This "tutorial" was subsequently uploaded online as a tool to help the second reading (Supplementary Table 2 , http://links.lww.com/PAS/A122 and Fig. 2 ). For example, this definition has been proposed for atypical mitotic figures: "mitotic figures are regarded as atypical when they definitely showed an abnormal distribution of chromosomes or an excessive number of mitotic spindles." 31 Second "virtual" reading: To evaluate the improvement in the interobserver reproducibility and the diagnostic accuracy after the coaching meeting, the pathologists read for the second time the same 50 ACTs, again in a blinded manner (Fig. 1B) .
Final meeting: The comparison between the interobserver reproducibilities and the modal scores of the first and second readings was presented in a final meeting with all the pathologists and statisticians.
Statistical Analysis
The intraobserver and interobserver reproducibilities were measured for both "dichotomized total score"-separating malignant tumors (Weiss score Z3) from benign tumors (Weiss score r2)-and for each of the 9 items of the Weiss system by calculating k statistics. 18 The k statistics are parameters of agreement that take chance agreement into account. The k statistic scores can vary from +1 (perfect agreement) to 0 (observed agreement equivalent to that observed by chance) or even to À 1 (when the agreement is lower than that expected by chance alone). According to Landis and Koch, 18 values of k between 0.8 and 1.0 indicate "almost perfect" agreement, between 0.6 and 0.8 indicate "substantial" agreement, between 0.4 and 0.6 indicate "moderate" agreement, between 0.2 and 0.4 indicate "fair" agreement, between 0 and 0.2 indicate "slight" agreement, and between À 1.0 and 0 indicate "poor" agreement.
Coaching through
Formulas given by Fliess 13 were used to compute overall k statistics and confidence intervals (CIs) to assess the interobserver reproducibility (case of multiple rating per subject, with an equal number of ratings per subject).
The graphical method developed by Altman and Bland 2 was used: (1) to assess the validity of the "virtual consensus" compared with the "microscope consensus"; and (2) to compare the performance of the "modal score" of the group of pathologists with that of the "virtual consensus." This method, which focuses on the mean and variability of differences between pairs of repeated measurements, allows the detection of major deficiencies in individual reliabilities that may remain hidden if global reliability statistics such as intraclass correlation coefficients are used. This plot can also be used to investigate possible relationships between measurement error and true values as estimated by the mean.
The same statistical approach was used (k statistics) to assess the performance of the modified Weiss score system as proposed by Aubert et al 4 (Supplementary  Table 3 , http://links.lww.com/PAS/A123).
RESULTS
Validating the Virtual Approach
The performances of the 2 consensuses, "microscope" and "virtual" (see the Materials and methods section), were compared using the Altman and Bland approach (Fig. 3) . The global assessment of the 9 items of the Weiss score showed no statistical difference between the 2 consensuses (+0.46; 95% CI: À 1.13, +2.05). There was no loss of information for any single item, thus demonstrating the validity of the virtual tool (Figs. 1A, 3 ).
Intraobserver Reproducibility of the Weiss Score at First "Virtual" Reading
It was assessed at the first reading at which the same 25 cases were actually read twice by the 12 observers who were not informed of this redundancy: we measured the number of observers, among the 12 observers, who achieved a personal k score Z0.8 (almost perfect) (Figs. 1B, 4 and Supplementary Table 4 , http://links.lww.com/PAS/A124).
For the "dichotomized Weiss score" (separating ACCsZ3 from ACAsr2) intraobserver reproducibility was "almost perfect" (kZ0.8) for 10 of the 12 observers.
Observers performed best with items such as the necrosis and venous invasion (particularly the presence of necrosis; kZ0.8 for 9 of the 12 pathologists), followed by percentage of clear cells and the number of mitotic figures, and less well with sinusoidal invasion (kZ0.8 for none of the 12 observers) (Fig. 4) .
Interobserver Reproducibility of the Weiss Score at First and Second "Virtual" Reading
At first "virtual" reading for the dichotomized Weiss score, interobserver reproducibility was only "substantial" (k = 0.70) (Figs. 1B, 5 and Supplementary Table 4 , http://links.lww.com/PAS/A124).
Similar to the intraobserver reproducibility, the interobserver reproducibility was best for the "architectural" items (particularly for necrosis and for the percentage of clear cells that reached k values of 0.78 and 0.71, respectively), followed by the number of mitotic figures that reached a k value of 0.54, when the nuclear grade and mean of "virtual consensus" and "microscope consensus" Weiss scores "virtual consensus" minus "microscope consensus" FIGURE 3. Bland-Altman plots for Weiss scores. The figure shows the difference between Weiss scores (y-axis) ("virtual consensus" minus "microscope consensus") for the Weiss scores from 0 to 9 (x-axis). The horizontal lines indicate the mean difference and mean difference ± 2 SDs. atypical mitotic figures performed less well with k values of 0.39 and 0.29, respectively), whereas the invasion items performed poorly (particularly sinusoidal invasion, which reached a k value of 0.40) (Fig. 5) . At the second "virtual" reading for the dichotomized Weiss score, interobserver reproducibility was significantly improved, with the overall k increasing from 0.70 to 0.75 (Fig. 5) .
Two of the "architectural" items, necrosis and percentage of clear cells, had further improved to level of "almost perfect" (k = 0.83 and 0.80, respectively). Among the "mitotic" items, the number of mitotic figures had improved significantly, moving from a "moderate" to a "substantial" k value (0.54 to 0.65). The worst reproducible item was sinusoidal invasion (k interobserver reproducibility = 0.30). For the "invasion" items, the second reading brought no improvement, and the low k value of sinusoidal invasion was even worsen, from 0.40 to 0.30 (Fig. 5) .
Overall, 7 of the 9 items showed improvement at the second virtual reading.
Diagnostic Accuracy of the Pathologists at the First and Second "Virtual" Readings
At the first "virtual" reading, comparing the "modal" score of the group of pathologists with the reference score of the "virtual consensus" reading, we found that 30 of 35 cases were correctly classified as ACC (Weiss score Z3) giving a sensitivity of 86% (95% CI, 0.70-0.95), and 15 of 15 cases were correctly classified as ACA, giving a specificity of 100% (95% CI, 0.78-1.00) (Supplementary Fig. 2 , http://links.lww.com/PAS/A126). Five cases without any modal value (ie, the pathologists as a group were unable to score) were observed.
At the second "virtual" reading, comparing the "modal" score of the group of pathologists with the reference score of the "virtual consensus" reading, we found that 33 of 35 cases were correctly classified as ACC (Weiss score Z3), giving a sensitivity of 94% (95% CI, 0.84-0.99), and 14 of 15 cases were correctly classified as ACA, giving a specificity of 93% (95% CI, 0.68-1.00) (Supplementary Fig. 3 , http://links.lww.com/PAS/A127). Three cases without any modal value were observed.
Results According to the "Modified" Weiss Score (Proposed by Aubert et al 4 
)
It was easy to apply the virtual approach and its statistical evaluation, similar to another pathologic paradigm that takes into account 5 of the 9 original items of the Weiss score. In this system, 2 of the remaining items, number of mitotic figures and clear cells, score 2 when present so that the maximum possible score is 7, and the dichotomy between malignant and benign tumors occurs also for a total value of 3.
For the dichotomized "modified" Weiss score (separating ACCsZ3 from ACAsr2) intraobserver reproducibility was almost perfect (kZ0.8) for 6 of the 12 observers.
For the dichotomized "modified" Weiss score (separating ACCsZ3 from ACAsr2) interobserver reproducibility was already "substantial" at the first reading (k = 0.65) and improved to 0.75 after the second reading.
DISCUSSION
The Weiss system is considered the mainstay in differentiating benign from malignant ACTs in the adult population. 19, 31, 32 It is the reference method for selecting patients for adjuvant chemotherapy after complete removal of an ACT. 8, 15, 26 However, the Weiss system has limitations 27 : it is not completely applicable for differentiating ACAs from ACCs in specific and rare types of ACTs, as the pediatric and oncocytic tumors. 5, 25, 27 Some authors have proposed a simplification of the Weiss system by eliminating criteria that were considered to be too subjective or difficult to interpret. 4 An integrated digitization could increase the productivity and allow the use of more objective methods of analysis for easier exchange of information between pathologists. 17 However, the validity and diagnostic accuracy of the virtual microscopy are not yet well documented in all specific pathologic fields. 17, 22 To our knowledge, this is the first study in which a large number of pathologists, who were all experts in this rare disease, participated and in which the program significantly improved the practice of the Weiss system reading and therefore the diagnosis of ACT. Much effort was dedicated to select representative tumors that had all been obtained at surgery and technically treated at the same institution under homogenous and rigorous conditions. A tedious approach compared the "microscope" and "virtual" consensus readings. The global comparison of all 9 items showed no statistical difference, and, as importantly, there was no loss of information due to the "virtual" approach for any single item. Among all items, the counting of the mitotic figures is a particularly difficult but important task, which became easier and better clarified with the "virtual" approach.
Our results are in agreement with previous reports on dermatopathologic disorders, 22 skin tumors, 23 surgical pathology, 20 and cervical cytology 11 in which there was no significant difference in the diagnostic validity between the "virtual" or "microscope" approaches. Chargari et al 7 showed that virtual microscopy improved the accuracy of the grading using the Gleason score in prostate cancer. In a study of human immunodeficiency virus chronic hepatitis B biopsies, 33 the agreement between glass slides and virtual slides was almost perfect for fibrosis, whereas it was substantial for activity; it is noteworthy that only 1 pathologist examined the slides using the 2 systems; hence, no classical microscopy consensus and no virtual microscopy consensus could be arrived at while comparing the 2 systems. None of these studies went as far as we did here in the design of a validated "virtual" consensus.
For the Gleason grading system a consensus conference was organized by the International Society of Urological Pathology for standardizing the perception of histologic patterns. 9, 10 The ability to assign correct grades to a series of microphotographs was tested before and after the distribution of a teaching set and was significantly improved. For some histologic features critical for patient management in colorectal cancer screening programs, virtual microscopy increased the interobserver agreement. 24 In our study, the intraobserver reproducibility was substantial for the "dichotomized" Weiss score. Such favorable results at the first reading probably pointed at a "selection bias": only those pathologists who had an interest in the field of adrenal tumors had chosen to participate in this highly tedious study that took many hours for each of them. It was interesting, however, that we could very simply classify the intraobserver reproducibility of every single item: necrosis was the most reproducible criteria, whereas sinusoidal invasion was not reproducible at all, and the other criteria were poor, moderate, or substantial. We confirm that those items (nuclear grade and sinusoidal invasion) that were ruled out of the modified Weiss score proposed by Aubert et al 4 because of their low intraobserver reproducibility performed poorly here as well.
Similarly, and within the same time frame, the "dichotomized" Weiss score classification (as well as each single item of the Weiss score) was easily analyzed in terms of its interobserver reproducibility. All items were significantly improved, except for venous invasion, which stayed equal, and sinusoidal invasion, which decreased. Sinusoidal invasion represents a very difficult criterion to understand even after a coaching approach. This has been highlighted by Aubert et al 4 who proposed to discard this criterion in their modified Weiss system.
It is important to note that the sensitivity in the diagnostic accuracy increases from 86% to 95% after the second reading (the 3 ACCs that had been initially misdiagnosed had an intermediate Weiss score of 3, 4, and 4) with a slight decrease in specificity (from 100% to 94%). To avoid missing an ACC, it is better to have a high sensitivity.
Our tool allowed to evaluate other systems that use all or a part of the same initial items of the Weiss score. It was precisely the case with the modified Weiss system proposed by Aubert et al. 4 With this latter system, the "dichotomized" classification was less reliable than the classical Weiss score at the first reading. These differences disappeared at the second reading, the reproducibility of the modified score being improved (k = 0.75) with the coaching meeting, as well as the original Weiss score. The modified Weiss system proposed by Aubert and colleagues has the further advantage of being easier and faster to implement.
The 2 criteria that were most improved were the number of mitotic figures and the presence of atypical mitotic figures. These criteria are among the most useful for determining the malignancy 21 and prognosis of ACC. 3 This result once again stresses the benefit of the training program.
This program also opens up the perspective of designing a new and better performing pathologic approach for ACTs.
Reproducibility of each item of the Weiss score has only been studied by Aubert et al 4 with the participation of 2 readers using classical microscopy. In other studies, reproducibility of the Weiss system was globally compared with other systems. 6, 29 In the study by Van't Sant et al, 29 it has been reported that the Van Slooten system 28 and the Weiss system modified by Aubert et al 4 have equal validity in the categorization of ACA and ACC. In the study by Blanes and Diaz-Cano, 6 the proposed Stepwise Discriminant Diagnostic System was compared with the Hough, 16 Weiss, 31, 32 and Van Slooten systems. 28 The Weiss and the Van Slooten systems were the most sensitive for diagnosing malignancy.
We established the validity of the virtual microscopy approach for the Weiss score and through it developed a highly successful training program for pathologists nationwide. This virtual tool is now available worldwide and will be first spread, with an English tutorial, within the European Network for the Study of Adrenal Tumors, ENS@T. It should provide valuable help for the management of rare patients with potentially malignant ACTs for the purpose of clinical and translational research in the field and eventually lead to the design of even better pathologic classifications of ACTs.
